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(54) Cooling for turbine shroud segments 

(57) A segmented turbine cooiing component (1 30), 
such as shroud segment (1 30) for the high pressure and 
low pressure turbine sections of a gas turbine engine, 
useful in providing preferential cooling to the side rails 
or panels (214) of the turbine component (130) through 
the combination of cooling air fed Into the intermediate 
pressure cavity (424) between the discourager and pri- 
mary seals (404, 412) and then through recesses (282) 
in the bottom wail (256) of the tower discourager seat 
slot (242) that impinges air on the portion (448) of the 
side panel (214) below the discourager seal (404). The 
side panels (21 4) of the turbine component (130) have 
an upper primary seaJ slot (246) and a lower discourager 
seal slot (242) with a bottom wali (256) having a plurality 
of alternating lands (278) and recesses (282) along the 
length thereof and a plurality of cooling air passages 



(286) having outlets (292) exiting Into the lower slot 
(242) above the lands (278). The subassembly (400) 
can be formed from a plurality of such turbine compo- 
nents (130) where the spacing of the lands (278) and 
recesses (282) of the lower discourager slots (242) of 
the adjacent side panels (214) are staggered such that 
the tends (278) of the lower slot (242) of one adjacent 
panel (21 4) are opposite the recesses (282) of the lower 
slot (242) of the other adjacent side panel (214). This 
subassembly (400) also has primary and discourager 
seals (412, 404) received by the respective upper and 
lower slots (246, 242) that are positioned in the gap 
(402) between the adjacent panels (214) which define 
the intermediate pressure cavity (424) therebetween 
and the trench (420) below the discourager seal (404) 
that Is purged by spent cooling air (446) from the recess- 
es (282) in the lower slot (242). 
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Description 

[0001] The present Invention relates generally to a 
gas turbine engine cooling component for end rail cool- 
ing, and in particular a turbine engine shroud where 
each shroud segment provides cooling to both the high 
pressure and low pressure turbine sections of a gas tur- 
bine engine. The present invention further relates to a 
turbine engine subassembly, and in particular a shroud 
subassembly that uses a pair of such cooling segments 
In combination with at least one discourager and primary 
spline seal. 

[0002] To increase the efficiency of gas turbine en- 
gines, a known approach is to raise the turbine operating 
temperature. As operating temperatures are increased, 
the thermal limits of certain engine components can be 
exceeded, resulting In material failure or, at the very 
least, reduced service life. In addition, the Increased 
thermal expansion and contraction of these compo- 
nents adversely affects clearances and their Interfitting 
relationships with other components of different thermal 
coefficients of expansion. Consequently, these compo- 
nents should be cooled to avoid potentially damaging 
consoquoncos at clovatod operating tcmporaturos. 
[0003] It Is common practice then to extract from the 
main airstream a portion of the compressed air from the 
compressor for cooling purposes. So as not to unduly 
compromise the gain in engine operating efficiency 
achieved through higher operating temperatures, the 
amount of extracted cooling air should be held to a smaH 
percentage of the total main airstream. This requires 
that the cooling air be utilized with the utmost efficiency 
in maintaining the temperatures of these components 
within safe limits. 

[0004] A particularly important component subjected 
to extremely high temperatures is the shroud located im- 
mediately downstream of the high pressure turbine noz- 
zle, immediately downstream from the combustor. The 
shroud closely surrounds the rotor of the high pressure 
turbine and thus defines the outer boundary (flow path) 
of the extremely high temperature main (hot) gas stream 
flowing through the high pressure turbine. To prevent 
material failure and to maintain proper clearance with 
the rotor blades of the high pressure turbine, adequate 
shroud cooling is an Important concern. 
[0005] Shroud cooling can be achieved by impinge- 
ment cooling of the back surface of the shroud, as well 
as cooling holes that extend from the back surface of 
the base of the shroud and through to the forward or 
leading edge of the shroud, the bottom or inner surface 
of the base in contact with the main (hot) gas stream, 
and tho aft or trailing edgo of tho shroud to provide both 
convection cooling inside the holed, as well as impinge- 
ment and film cooling of the shroud. Cooling flow is also 
provided through the side panels or rails as convection 
cooling Inside the cooling passages or holes, as wefl as 
impingement cooling as cooling air exits from the holes. 
See, for example, commonly assigned U.S. Patent 
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5,169,287 (Proctor et al), issued December 8, 1992, 
which shows a prior embodiment of shroud cooling of 
the high pressure turbine section of a gas turbine en- 
gine. This cooling minimizes local oxidation and burning 
5 of the shrouds near the hot main or core gas stream in 
the high pressure turbine section. Indeed, the cooling 
holes that exit through the side panel of the shroud of 
commonly assigned U.S. Patent 5, 169,287 can provide 
important Impingement cooling to the side panel of the 
to adjacent shroud. 

[0006] Trie leading edge of the shroud is subject to 
the hottest flow path gas or air, and has the highest heat 
transfer coefficient, making this section one of the most 
difficult to cool. As also shown in commonly assigned U. 
rs s. Patent 5,1 69,287, a circumferential row of holes can 
be angled to also exit at the leading edge of the shroud 
to provide both convection and film cooling at the lead- 
ing edge of the shroud. As this cooling film decays and 
mixes with the hot flow path air, additional circumferen- 
ce tial rows of coofing holes can be required to provide 
more convection and film cooling. 
[0007] Anothertypeof shroud assembly for a different 
type of gas turbine engine is shown in commonly as- 
slgnodU.S. Patent 5,1 27,793 (Walker et al), issued Juty 
25 7, 1 992. As shown particularly in FIGs. 4 and 4c of U.S. 
Patent 5,127,793, this prior shroud assembly uses sin- 
gle-piece shroud segments 30 that are designed to span 
over both the high pressure and low pressure turbine 
sections of the gas turbine engine. As shown particularly 
30 jn FIG. 4, cooling is provided by directing a portion of 
the cooling air 74 through ports 78 and through seg- 
mented impingement baffles 80 and against the high 
pressure portion 83 of shroud segment 30. Another por- 
tion of this air 74 is directed into cavity B, with most of 
35 tt being delivered to cavity C located adjacent the low 
pressure portions 85 of each shroud segment 30 
through holes 84 formed in the support cone portion 86 
of turbine shroud support 44. An impingement baffle 81 
attached to shroud support 44 directs and meters Im- 
40 pingement cooling air from cavity C onto the low pres- 
sure portion 85 of shroud segment 30. WhHe this prior 
shroud design of U.S. Patent 5,127,793 provides signif- 
icant impingement coofing to the back surface of shroud 
segment 30 in both the high and low pressure sections, 
45 n provides no Impingement cooling to the side panels or 
rails of adjacent shroud segments. 
[0008] The shroud assembly shown in commonly as- 
signed U.S. Patent 5,127,793 extends from approxi- 
mately the ait end of the upstream turbine nozzle to ap- 
50 proximately the leading edge of the downstream turbine 
nozzle and encloses (i.e., provides a 360° annular struc- 
ture around) the outer air flow path of a gas turbine en- 
gine that typically has a turning nozzle to direct the air 
Mow properly Into the blade row, then into a row of blades 
55 in the HPT section, and then Into another row of blades 
in the LPT section. Axial gaps between these shroud 
segments allow for thermal growth over the large range 
of temperatures the gas turbine engine produces. As hot 
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flow path air passes through the row of turbine blades, turbine engine moving in the direction from the tending 
work is extracted from the air, thus creating a pressure edge to the trailing edge of the turbine component; (d) 
and temperature drop axially through the blade row. As a pair of spaced opposed axial side panels connected 
a result, both the pressure and temperature is higher at to the leading and traiing edges; (e) each of the side 
the leading edge of the shroud and lower at the trailing 9 panels having a lower discourager spline seal slot ex- 
edge of the shroud. tending longitudfnaOy from the leading edge to the trail- 
[0009) A typical sealing method along the axial split ing edge of each side panel that is capable of receiving 
lines or gaps between shroud segments is to provide a an edge of a discourager spline seal, each lower slot 
machined groove or slot in which a thin metal seal (usu- having at least a bottom wall and a top wall; (f) each of 
ally referred to as a "spline sear) Is placed, with pres- io the side panels having an upper primary spline seal slot 
sure loading across the seal to provide positive sealing spaced above the lower slot and extending longitudinal- 
and to minimize air leakage. See FIG 11a of commonly ly from the leading edge to the trailing edge of each side 
assigned U.S. Patent 5,127,793 which shows a pair of panel that is capable of receiving an edge of a primary 
longitudinally extending slots In shroud segment 30, the spline seal, each upper slot having at least a bottom wall 
lower slot receiving the lower or "discourager spline '* and a top wall; (g) a plurality of cooling air passages 
seal, the upper stot(s) receiving the upper or "primary" extendlngthroup^thebasefromthebacksurface there- 
spline seal(s). The portion of the axial segment gap that of and having spaced outlets exiting Irom at least one 
Is set up between the shroud segments below the "dls- of the side panels between the bottom wail of the top 
courager" seal (commonly referred lo as ihe "trench") slot and the bottom wall of the lower slot; (h) a plurality 
also has hot flow path air traveling axiafly down it due to of spaced air flow pathways along the length of the tower 
the pressure gradient produced by the turbine blade slot and below the bottom wall of the upper slot that are 
row. Typically no preferential cooling is added to this capable of receiving air flowing over and above the dis- 
"trench." Instead, in the past, air that leaks around the courager seel when positioned In the lower slot and 
"discourager" soal and tho conduction from adjacent passing that arr flow around the odgo and benoath tho 
metal has been deemed sufficient to cool the axial spilt *s discourager seal. 

lines, i.e., at the side rails or panels of the shroud seg- [0011] The present Invention further relates to a tur- 
ments. However/in more recent gas turbine engines Wne engine cooling subassembly comprising a pair of 
that operate at higher temperatures, it has been discov- such adjacent turbine engine components, and having: 
ered thai oxidation and loss (melting) of the parent ma- (1 ) opposed adjacent side panels having a gap there- 
terial along the axial split-lines of shroud segments can so between and wherein the spacing of the air flow path- 
occur. wavs along the length of the lower slot for each of the 
[0010] Accordingly, it would desirable, therefore, to adjacent side panels is staggered such that the outlet of 
provide a shroud and resulting shroud assembly, panic- each of the cooling air passages exiting each adjacent 
ularly for the combined high pressure and low pressure side panel are opposite one of the air flow pathways of 
turbine sections, that creates effective impingement 35 the other adjacent side panel; (2) at least one discour- 
coolingforthesldepanelsof adjacent shroud segments. ager spline seal positioned in the gap between the op- 
It would also be desirable to provide such impingement posed adjacent side panels and including a pair of 
cooling while efficiently utilizing the total available cool- spaced edges having a length and thickness such that 
ing air so as not to significantly decrease the efficiency each of the edges is capable of being received by the 
of the gas turbine engine. It would further be desirable 40 lower slot of one of the adjacent side panels; (3) the at 
to provide effective cooling and purging in the "trench" least one discourager seal being positioned betow the 
between the shroud segments that are below the °dis- outlet of each of the cooling air passages exiting each 
courager" seal. The present invention relates to a tur- adjacent side panel; (4) at least one primary spline seal 
bine engine cooling component such as a shroud seg- positioned In the gap and including a pair of spaced edg- 
ment for a combined high pressure and low pressure es having a length and thickness such that each of the 
turbine section of a gas turbine engine thai provides ef- edges Is capable of being received by the upper slot of 
fedive end rail cooling lo the side raits or panels of ad- one of the adjacent side panels, 
jacent turbine cooling components (e.g., atthe axial split [0012] The turbine engine cooling component (e.g., 
lines between adjacent shroud segments), as well as shroud) of the present invention Is particularly useful In 
effective cooling in the gap or "trench" between adjacent so providing effective, efficient and more uniform cooling 
turbine engine cooling components (e.g., adjacent to the end rail (I.e., split line) region, especially for the 
shroud segments) that is below tho discouragor spllno metal of tho turbino ocmponont below the discourager 
seal. This turbine cooling component comprises: (a) a seal. The turbine engine cooling subassembly (e.g., 
circumferential leading edge; (b) a circumferential trail- shroud cooling subassembly) of the present invention 
Ing edge spaced from the leading edge; (c) an arcuate 55 that comprises a pair of such turbine components (e.g., 
base connected to the trailing and leading edges end shroud segments) that have staggered or offset air flow 
having a back surface and an arcuate inner surface that pathways (preferably spaced recesses in the bottom 
is in contact with the main (hot) gas stream of the gas wall of the lower slot) and outlets for the cooling air pas- 
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sages exiting from the adjacent side panels, also pro- 
vide impingement cooling coverage to each of the adja- 
cent side panels. In particular, this turbine cooling sub- 
assembly causes cooling air to flow: (a) over the dis- 
courager seal and then under it (via the air flow path- 5 
ways such as the recesses In the bottom wall of the low- 
er slot) to impinge on the side panel (below the lower 
slot) of the turbine component (e.g., shroud) from which 
the cooling air came from; (b) downstream above the 
discourager seal (via the air flow pathways) and out, 
such as through recesses in the bottom of waD the lower 
slot of same side panel from which the cooling air came 
to impinge on the adjacent side panel (below its lower 
slot); and (c) to purge the hot gas or air in the "trench" 
below the discourager seal. 

[0013] The turbine engine cooling component of the 
present Invention can also have certain optional but pre- 
ferred features .One preferred feature is to have no cool- 
ing air passages exiting from certain portions of the side 
panel where cooling airflow is not required or is unnec- 
essary, and thus economizes the usage of the total cool* 
ing air flow. Yet another preferred feature is to provide 
a sub-impingement pocket at the rear or aft portion of 
certain sections of the turbine cooling component, es- 
pecially a shroud cooling segment having a high pres- 
sure turbine (HPT) section. This sub-impingement pock- 
et helps reduce the source pressure of the cooling air 
provided to the rear or aft portion of the HPT section 
(which is usually at its lowest sink pressure in the HPT 
section) to provide an adequate amount of cooling air to 
the cooling air passages exiting from the side panel at 
the rear or aft portion o! the HPT section and to reduce 
the total air flow emitting from such passages, again 
economizing the usage of the total cooling air flow. 
[0014] The invention will now be described in greater 
detail, by way of example, with reference to the draw- 
ings, in which:- 

FIG. 1 is a side view of a shroud assembly that the 
shroud segment and subassembly of the present 
invention can be used in. 

FIG. 2 is an enlarged axial side view of en embod- 
iment of the shroud segment of the present inven- 
tion. 

FIG. 3 is an enlarged perspective view of the under- 
side of the shroud segment of FIG. 2. 

FIGs. 4 to 6 are different enlarged portions of the 
shroud segment of FIG. 3. 

FIG. 7 is a top plan view of the embodiment of the 
shroud segment of FIG. 2. 

FIG. 8 is a sectional view taken along line 8-8 of 
FIG. 7. 
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FIG. is a top plan view of an embodiment of the 
shroud subassembly of the present invention with 
portions broken away. 

FIG. 10 is a sectional view along line 1 0-1 0 of FIG. 

9. 

FIG. 11 is a similar view to FIG. 9 but showing an 
alternative embodiment of the shroud segment and 
shroud assembly of the present invention. 

[0015] Referring to the drawings, FIG. 1 shows an em- 
bodiment of the turbine engine cooling assembly of the 
present invention in the form of a shroud assembly, gen- 
erally indicated as 110 for the high pressure and low 
pressure turbine sections of a gas turbine engine. How- 
ever, with appropriate modification, the turbine engine 
cooling assembly of the present invention can also be 
suitable for providing cooling to other sections in the gas 
turbine engine such as the nozzle and/or vane sections. 
[0016] The shroud assembly of the present invention 
comprises turbine engine cooling components in the 
form of shroud segments indicated as 1 30 which can be 
cithor onO'pioco or two-piece. Shroud segment 130 is 
provided with a forward mounting hook 132 at the cir- 
cumferential leading edge thereof. Shroud segment 1 30 
also has a central or mid mounting hook 134 and an aft 
or rear mounting hook 1 36 at the circumferential trailing 
edge of shroud segment 130. 
[0017] A number of shroud segments 130 are ar- 
ranged circumferentlalty In a generally known fashion to 
form a segmented 360° shroud. A number of segmented 
shroud support structures 144 are used to interconnect 
the shroud segments 130. Each segmented support 144 
circumferentially spans and typically supports two 
shroud segments 130, but could be appropriately mod- 
ified to support one, three or more segments 130. For 
the embodiment shown in FIG. 1 , there are typically 26 
shroud segments 130 and 13 shroud supports 144 in 
the assembly, although other numbers of segments and 
supports can be suitable. 

[0018] Each segmented shroud support 1 44 is provid- 
ed with a forward section 146, a central or mid-section 
1 48 and an aft or rear section 1 50 that each respectively 
have forwardly projecting hangers 152, 154 and 156. 
Support structure 144 supports the respective shroud 
segments 130 as a result of mounting hooks 132, 134 
and 136 being received, respectively, by hangers 152, 
154 and 156, to provide tongue-in-groove interconnec- 
tions (hook-ln-hanger). 

[0019] Each shroud support structure 144 is further 
supported by a one-piece, continuous 360° annular 
shroud ring structure 156. The radial position of each 
shroud support 144, as weO as each shroud segment 
130, is closely controlled by three distinct 360° position 
control rings 160, 162, and 164 provided on ring struc- 
ture 15B. The front and mid-position control rings 160 
and 162. are respectively formed with axiatly forwardly 
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projecting hangers 166 and 170 that receive, respec- 
tively rearwardly projecting mounting hooks 168 and 
172 of sections 146 and 148 of support structure 144, 
while the rear position control ring 164 Is formed with an 
axialiy forwardly projecting hanger 174 that receives 
rearwardly projecting mounting hook 176 of section 160 
of support structure 144, to provide circumferential 
tongue-in-groove interconnections (hook-in-hanger). 
[0020] To maximize the radial support and radial po- 
sition control provided to each shroud support 144 (and 
thus each shroud segment 130), each hanger 166, 170 
and 174 on the support ring 156 is usually in direct axial 
alignment (i.e., aligned in the same radial plane) with its 
respective position control ring 160, 162 and 164. This 
alignment increases the rigidity of the entire shroud sup- 
port assembly, The support ring structure 1 58 is typically 
bolted into the combustor case (not shown) at Its aft end. 
The entire shroud support assembly is cantllevered off 
its forward end at the combustor case interface. The for- 
ward and mid-position control rings, which are several 
inches away from the combustor aft flange, are thereby 
divorced from any non-uniform circumferential varia- 
tions in radial deflection in the combustor case. 
[0021] The segmented shroud design is typically re- 
quired to accommodate the thermal growth imposed by 
the hostile environment created by the hot flowing ex- 
haust gas. The segmented shroud hangers effectively 
cut the heat conduction path between the high temper- 
ature shroud mounting hooks and the position control 
rings. The position control rings are thus well isolated 
from the hostile and non-uniform flow path environment 
[0022] A portion of high pressure cooling air extracted 
from the compressor (not shown) is fed through high 
pressure turbine section feed hole(s) 1 77 in boss 1 78 of 
support 144. This portion of cooling arr then impinges 
upon pan-shaped high pressure turbine section im- 
pingement baffle 179 (attached to support 144), thus 
creating the upper high pressure (HP) turbine section's 
HP pre-impingement cavity or plenum 180. This portion 
of high pressure air is then feed through an array of per- 
forations 182 in baffle 179 as cooling air into the lower 
HP post-impingement cavity or plenum 184 of the high 
pressure turbine section of shroud segment 130. Com- 
pressor cooling air is also fed through low pressure tur- 
bine feed hole(s) 185 In support 144. This other portion 
of cooling air impinges upon pan-shaped low pressure 
turbine section impingement baffle 186 that is attached 
to support 144, thus creating the upper low pressure 
(LP) turbine section's LP pre-impingement cavity or ple- 
num 187. This other portion of cooling air is then fed 
through perforations 183 in baffle 186 as cooling air into 
tho lower LP post-impingement cavity or plenum 1 89 of 
the low pressure turbinesection of shroud segment 1 30. 
[0023] Referring to FIGs. 2, 7 and 8, each shroud seg- 
ment 130 has a forward high pressure turbine (HPT) 
section 190 that includes the forward mounting hook 
132 at the leading edge and forward end of the shroud 
segment, and a rear or aft low pressure turbine (LPT) 



section 192 that includes aft mounting hook 136 at the 
trailing edge and aft end of the shroud segment. The aft 
end of HPT section 1 90 and the forward end of LPT sec- 
tion 1 92 of shroud segment 1 30 are joined at the central 
5 or mid-mounting hook 1 34 and are adjacent to, respec- 
tively, the blades of the high pressure turbine and the 
blades of the low pressure turbine. (For shroud seg- 
ments 130 that are not one-piece, HPTsectlon 190 and 
LPT section 192 can be separate pieces joined or com- 
bined together by suitable means known in the art,) 
[0024] The shroud segment 1 30 has a base 1 96 that 
extends from forward mounting hooking 132 to aft 
mounting hook 1 36. Base 1 96 has an outer or back sur- 
face, portions of which are indicated as 200 in the HPT 
section and 204 in the LPT section. Base 196 also has 
an inner surface 208 that is contact with the main (hot) 
gas stream Indicated by arrow 210 that generally moves 
downstream in the direction from the leading to the trail- 
ing end of the shroud segment 130. As shown in FIG. 
2, inner surface 208 extends generally straight from the 
forward end to the aft end of the HPT section 190, but 
then extends diagonally upward at the forward end of 
the LPT section 192 to about the midpoint thereof and 
then oxtends gonorafly straight thereafter to the aft ond 
of the LPT section. The shroud segment also has a pair 
of opposed spaced side rails or panels 21 4 that are con- 
nected at their leading and trailing ends by mounting 
hooks 132 and 136, as well at their central or mid-sec- 
tions by mounting hook 134 and at their bottom edges 
by base 1 96. 

[0025] As also shown In FIGs. 2, 7 and 8, HPT section 
190 has a plurality of spaced longitudinal ribs 216 that 
are connected at their respective ends by mounting 
hooks 132 and 134 and at their bottom edges by base 
196. A laterally extending rib 222 is connected at its re- 
spective ends by side panels 214, and at the bottom 
edge by base 1 96 and divides the HP post-impingement 
cavity 184 (framed by mounting hooks 132 and 134, side 
panels 214 and base 1 96) into a forward higher pressure 
HP post-impingement pocket indicated as 226 and an 
aft lower pressure HP post sub -impingement pocket in- 
dicated as 230. The aft HP sub-impingement pocket 230 
is fed cooling air through perforations in a secondary im- 
pingement baffle (not shown) located on top of the cir- 
cumferential ribs 222 and extending aft to the mid- 
mounting hook 134 with Its edges extending between 
the two respective side panels 214, this secondary im- 
pingement baffle also being fed cooling air from the HP 
post-impingement cavity 1 84. LPT section 1 92 also has 
a plurality of spaced longitudinal rfos 234 that are con- 
nected at their respective ends by mounting hooks 134 
and 136 and at thoir bottom edges by base 196, as well 
as LP post-impingement cavity 189 (framed by mount- 
ing hooks 134 and 1 36, side panels 214 and base 1 96) 
that receives the cooling air fed through the perforations 
188 In baffle 186. 

[0026] As shown in FIGs. 2 and 3, each of the side 
panels 214 have a lower or discourager seal groove or 
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slot 242 and an upper or primary seal groove or slot 246 
spaced above lower slot 242. Slots 242 and 246 each 
extend generally longitudinally from the leading edge or 
forward end or shroud segment 130 and terminate at 
about the trailing edge or aft end for lower slot 242 and s 
at the aft end of the lower pressure impingement cavity 
for upper slot 246. While slots 242 and 246 are shown 
as being continuous, these slots can also be in separate 
segments or sections, such as, example, in two sepa- 
rate sections, one for the HPT section, the other for the to 
LPT section, or three separate sections where the LPT 
section has two separate sections for each slot, one be- 
ing in the diagonal portion of the LPT section, the other 
being in the straight portion of the LPT section. 
[0027] Also shown in FIGs. 2 and 3 are a forward ver- is 
tical seal groove or slot 248 at mounting hook 132, a 
central or mid-position vertical seal groove or slot 260 
at mounting hook 134, and an aft vertical seal groove or 
slot 252 at mounting hook 1 36. Each of the vertical slots 
248, 250 and 252 originate at or near inner surface 208 20 
of base 196 and extend upwardly to perpendicularly in- 
tersect lower and upper slots 242 and 246 and terminate 
at the upper end of the respective mounting hooks 132, 
134 and 136. 

[0028] Referring to FIGs. 4 and 1 0, lower slot 242 has « 
a bottom wall 256, a side wall 260 connected at an edge 
to bottom wall 256 and a top wall 264 connected at an 
edge to side wall 260, while upper slot 248 has a bottom 
walJ 266, a side wall 270 connected at an edge to bottom 
wall 266 and a top wall 274 connected at an edge to side so 
wall 270. As shown particularly in FIG. 4, bottom waB 
256 of lower slot 242 has a plurality of spaced alternating 
lands 278 and slots or recesses 282. While the lands 
278 and recesses 282 are shown as having similar sizes 
and a square configuration, different sizes, as well as 35 
other shapes and configurations (such as rounded edg- 
es) can also be suitable. 

[0029] As shown particularly FIGs. 4, 9 and 1 0, a plu- 
rality of elongated aircooJing holes orpassages 286 with 
inlets 288 at outer or back surfaces 200 or 204 of base *o 
196 extend diagonally downward and radially Inward 
through base 1 96 of shroud segment 1 30 and are shown 
in FIGs. 4, 9 and 10 as exiting through outlets 292 
through the top wall 264 of lower slot 242, or as shown 
alternatively, outlets 292 can exit at about the edge con- «* 
nectlng side wall 260 and top wall 264. For the embod- 
iments of the present invention shown In FIG. 4, M is also 
important that each outlet 292 exit above one of the 
lands 278 for reasons to be described hereafter. How- 
ever, if desired for other embodiments of the present in- so 
ventlon, outlets 292 of passages 286 can also exit at 
othor points on side panel 2t 4 bctwoon the bottom wall 
266 of upper slot 246 and the bottom wall 256 of lower 
slot 242. 

[0030] Passages 266 are usually straight and can be ss 
skewed relative to the circumferential direction and the 
radial direction. This skewing affords the passages 288 
greater lengths, significantly greater than the base and 



side rail or panel thicknesses, and increases their con- 
vection cooling surfaces. The passages 286 are typical- 
ly spaced along the HPT section 190 and the LPT sec- 
tion 1 92 such that their respective outlets 292 that exit 
into lower slot 242 are also spaced along the entire 
length of the lower slot. While passages 286 exit through 
outlets 292 in a continuous pattern along the entire 
length of slot 242, it is preferred in the shroud segments 
of the present invention that such passages not exit at 
certain sections of the lower slot to economize the usage 
of the total cooling airflow. One such section, shown in 
FIG. 5, is at about the transition point indicated as 296 
between the aft end of H PT section 1 90 and the forward 
end of the LPT section 1 92. By leaving out passages 
286 at this transition point 296, the wasteful flow of cool- 
ing air from the HPT section to the LPT section is pre- 
vented or minimized. As shown In FIG. 6, another such 
section where cooling air passages 286 are typically un- 
necessary is at the point Indicated as 300 at about the 
trailing edge or aft end of the LPT section. At this point 
in the LPT section, there Is usually sufficient air flow ax- 
ially and aft along lower slot 242 to adequately cool side 
panels 21 4 without additional cooling air being delivered 
by passages 286, again avoiding the wasteful uso of tho 
total cooling air flow. 

[0031] . The forward HP post-impingement pocket 226 
feeds cooling air to inlets 288 of passages 286 that exit 
through outlets 292 In the forward portion of the HPT 
section 190, while aft sub-impingement pocket 230 
feeds cooling air to inlets 288 of passages 286 that exit 
through outlets 292 in the aft portion of the HPT section 
190. The sub-impingement pocket 230 is important for 
conserving the total cooling air flow with respect to the 
last few (typically 4) passages 286 that exit through out- 
lets 292 at the aft end of HPT section 190, In particular, 
pocket 230 reduces the pressure of the cooling air flow 
from post-impingement plenum 184 before it enters in- 
lets 288 of passages 286 at the aft end of HPT section 
190. 

[0032] As shown in FIGs. 3 to 6, shroud segment 130 
can have additional rows of cooling passages, five of 
which are indicated as 304, 306, 308, 310 and 312 that 
extend from the outer or back surfaces 200 or 204 of 
base 196, through base 198 and then exit through out- 
lets 314 from Inner surface 208. Like passages 286, 
passages 304, 306, 308 and 310, 312 are usually 
straight and can extend in directions skewed relative to 
the circumferential direction and the radial direction to 
provide greater lengths to increase their convection 
cooling surfaces. Air flowing through the passages in 
rows 304, 306, 308, 310 and 312 convection cool HPT 
section 190 and LPT section 192 of shroud segment 
130. Having served this purpose, the cooling air exiting 
from outlets 31 4 of these rows of passages mixes flows 
along inner surface 208 to film cool the shroud segment. 
[0033] Another aspect of the present Invention is the 
shroud subassembly, an embodiment of which Is shown 
in FIGs. 9 and 10 and Is indicated generally as 400. As 
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shown particularly In FIG. 10, subassembly 400 com- 
prises a pair of adjacent shroud segments 1 30 that have 
opposed adjacent side panels 214 that are separated 
by an circumferential segment gap generally indicated 
as 402. As particularly shown in FIG. 9, the lands 278 5 
and recesses 282 of lower slot 242 of each of the adja- 
cent side panels 21 4 are spaced to be staggered or off- 
set relative to each other such that the lands of the lower 
slot of each adjacent side panel are opposite the recess- 
es of each adjacent side panel. As a result, each of the to 
cooling passages 2B6 having outlets 292 exiting into the 
lower slot 242 (above one of the lands 278) are also op* 
poslte a recess 282 of the lower slot of the adjacent side 
panel. 

[0034) As shown in FIGs. 2, 3, and 9, the alternating w 
lands 278 and recesses 282 typically extend continu- 
ously along the bottom wall 256 of the entire length of 
lower slot 242 of each of the adjacent side panels 214. 
However, these alternating lands 278, and especially re- 
cesses 282, need not be continuous or along the entire 20 
length of lower slot 242. For example, for those sections 
of the lower slot 242 (such as those shown in FIGs. 5 
and 6) where passages 286 do not exit Into lower slot 
242, that portion of bottom wall 266 of tho lower slot 242 
of the adjacent side panel 214 need not have recesses 25 
282 formed therein. 

[0035] Subassembly 400 further comprises a lower 
discourager spline seal 404 positioned in gap 402 that 
has spaced edges 408 that are received by tower slots 
242 (above the lands 278) of the adjacent side panels 3a 
214 of the pair of shroud segments 130. Subassembly 
400 also includes an upper primary spline seal 41 2 po- 
sitioned in gap 402 that has spaced edges 416 that are 
received by upper slots 246 of the adjacent side panels 
214 of the pair of shroud segments 130. The disco u rag- ss 
er seal 404 and primary seal 41 2 essentially divide gap 
402 into three sections that are referred to hereafter as 
the bottom cavity or trench 420, the intermediate pres- 
sure cavity or chute 424 and the top post-impingement 
cavity 428. The intermediate pressure cavity or chute *o 
424 defined between the discourager seal 404 and the 
primary seal 412 is typically divided into a forward HPT 
portion and an aft LPT portion by the vertical spline seal 
received by the respective central or mid-vertical slots 
250 of each of the adjacent side panels 214. This chute <* 
424 has a pressure lower than the pressure of the HP 
post-impingement cavity 184 and the LP posl-impmge- 
ment cavity 1 89 and higher than local gas stream pres- 
sure 21 0, i.e„ in the vicinity of HPT section 1 80 and LPT 
section 192. so 
[0036) The width of each of seals 41 2 and especially 
404 is such that (hoy arc smallor than the combined 
width of gap 402 and slots 242, 246 of each of the ad- 
jacent side panels 21 4. This Is particularly important for 
lower slots 242 of each adjacent side panel 214 so that 55 
the portion of each recess 282 adjacent side wan 260 
can remain uncovered by seal 404 and thus be acces- 
sible to airflow. While seats 404 and 412 are shown as 
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being one continuous piece, they can also be separate 
sections, especially ff, for example, slots 242 and 246 
are separate sections or segments. 
[0037] As shown particularly In FIG. 1 0 t cooling air in- 
dicated by arrow 432 flows down passage 286 and exits 
outlet 292. At this point, this airflow 432 can go via one 
of two pathways which can provide impingement cooling 
to those portions of side panels 21 4 adjacent trench 420. 
One pathway is to flow axially downstream in chute 424 
towards the trailing edge of shroud segment 130 and 
exit from a recess 282 on the same side as passage 286 
from which airflow 432 came, into trench 420 to impinge 
on the portion below seal 404, as indicated by 448, of 
trie adjacent side panel 21 4 and to purge the hot gas In 
trench 420. The other pathway is to flow circumTeren- 
tially over discourager seal 404 to enter lower slot 242 
of the acescent panel 214 as indicated by arrow 440, 
flow aroun d edge 408 of seal 404 and Into the uncovered 
portion of recess 282 adjacent side wall 260 as indicated 
by arrow 444, and then out of recess 282 as indicated 
by arrow 446 into trench 420 to impinge on the portion 
below seal 404, as indicated by 448, of the same side 
panel 214 from which the air flow 432 came and to purge 
tho hot gas in trench 420. (As shown in FIG . 1 0, the low- 
er portion 448 of each of the respective side panels 214 
also includes the thermal barrier coating indicated by 
454 that is attached to the metal portion of shroud seg- 
ment 130 by a bond coat indicated by 456.) 
[0038] Because discourager seal 404 is typically not 
stationary but can move freely with lower slots 242, it is 
possible for edges 408 to butt against side wail 260 of 
slot 242 and thus cover recesses 282 so they are par- 
tially or completely inaccessible to the flow air. As shown 
in FIG. 11 , an alternative embodiment of the present in- 
vention is to extend each recess 282 into and up side 
wall 260 above the adjacent lands 278 of slot 242 as 
indicated by 460 so that if edges 408 of seal 404 do butt 
against side wall 260 of slot 242, recesses 282 will re- 
main uncovered by seal 404 and thus accessible to the 
flow of air. While the embodiment of the present inven- 
tion shown in FIGs. 9 to 11 provides airflow pathways 
spaced along the length of lower slot 242 in the form of 
recesses 282 for receiving air flowing into slot 242 (see 
arrow 440) that then flows over and around the edge 
408 of the seal 404 (see arrow 444) and then passing 
that air flow beneath seal 404 (see arrow 446), other 
designs of air flow pathways that are below bottom wall 
268 of upper slot 246 (and primary seal 412) are also 
suitable. For example, a plurality of spaced arcuate pas- 
sages could be formed in side panels 214 that are op- 
posite the respective outlets 292 of passages 286 and 
have Nets above and outlets below lower slot 242 so 
that the flow of air 432 in chute 424 can be directed 
around and beneath seal 404. 

{0039] For the sake of good order, various aspects of 
the invention are set out in the following clauses: - 

1 . A turbine engine cooling component for a gas tur- 
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bine engine, which comprises: 

(a) a circumferential leading edge: 

(b) a circumferential trailing edge spaced from 
the leading edge; s 

(c) an arcuate base connected to the trailing 
and leading edges and having a back surface 
and an arcuate inner surface that is in contact 
with the main gas stream of the gas turbine en- 
gine moving in the direction from the leading w 
edge to the trailing edge of the turbine compo- 
nent; 

(d) a pair of spaced opposed axial side panels 
connected to the leading and traiOng edges; 

(e) each of the side panels having a lower dis- 
courager spline seal slot extending longitudi- 
nally from the leading edge lo the trailing edge 
of each side panel that is capable of receiving 
an edge of a discourager spline seal, each low- 
er 6lot having at least a bottom wall and a top 
wall; 

(f) each of the side panels having an upper pri- 
mary spline seal slot spaced above the lower 
slot and oxtonding longitudinaJly from tho load- 
ing edge to the trailing edge of each side panel ss 
that is capable of receiving an edge of a primary 
spline seal, each upper slot having at least a 
bottom wall and a top wall, 

(g) a plurality of cooling air passages extending 
through the base from the back surface thereof 30 
and having spaced outlets exiting from at least 
one of the side panels between the bottom wall 

of the top slot and the bottom wall of the lower 
slot; 

(h) a plurality of spaced airflow pathways along 35 
the length of the lower slot and below the bot- 
tom wall of the upper slot that are capable of 
receiving air flowing over and above the dis- 
courager seal when positioned in the lower slot 
and passing that air flow around the edge and 40 
beneath the discourager seal. 

2. The turbine component of clause 1 wherein the 
plurality of air flow pathways are a plurality of 
spaced recesses along the bottom waD of the lower <9 

slot. 

3. The turbine component of clause 2 wherein the 
bottom wail of the lower slot has a plurality of 
spaced alternating recesses and lands and wherein so 
each of the outlets of the passages exiting the side 
panols exit Into the lowor slot above ono of the 
lands. 

4. The turbine component of clause 3 wherein the 53 
lower slot has a side waO connecting the bottom wal 
and the top wall at an edge thereof and wherein the 
outlets of the passages exit at about the edge con- 



necting the side wall and the top wall. 

5. The turbine component of clause 4 wherein each 
recess extends into the side wall and above the ad- 
jacent lands. 

6. The turbine component of clause 2 wherein the 
upper and tower slots extend continuously from the 
leading edge to the trailing edge of each side panel. 

7. The turbine component of clause 1 which is a 
shroud cooling segment for a high pressure turbine 
section, a low pressure turbine section or both. 

B. A turbine engine cooling subassembly, which 
comprises: 

(1) an adjacent pair of the turbine components 
of clause 1 having opposed adjacent side pan- 
els with a gap therebetween and wherein the 
spacing of the air flow pathways along the 
length of the lower slot for each of the adjacent 
side panels is staggered such that the outlet of 
each of tho passages exiting oach adjacent 
side panel are opposite one of the airflow path- 
ways of the other acgacent side panel; 

(2) at least one discourager spline seal posi- 
tioned in the gap and including a pair of spaced 
edges having a length and thickness such that 
each of the edges is capable of being received 
by the lowerslot of one of the adjacent side pan- 
els; 

(3) the at least one discourager seal being po- 
sitioned below the outlet of each of the passag- 
es exiting each adjacent side panel; 

(4) at least one primary spline seal positioned 
in the gap and inducing a pair of spaced edges 
having a length and thickness such that each 
of the edges is capable of being received by the 
upper stot of one of the adjacent side panels. 

9. The turbine subassembly of clause 8 wherein 
each of the discourager and primary sears are one 
continuous piece. 

10. A cooling shroud segment for the high pressure 
and low pressure turbine sections of a gas turbine 
engine, which has a forward high pressure turbine 
section and an aft low pressure turbine section and 
which comprises: 

(a) a circumferential leading odgo at tho for- 
ward end of the high pressure turbine section; 

(b) a circumferential trailing edge spaced from 
the leading edge at the aft end of the low pres- 
sure turbine section; 

(c) an arcuate base connected to the trailing 
and leading edges and having a back surface 
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and Hn arcuate inner surface thai is in contact 
with the main gas stream of the gas turbine en- 
gine moving in the direction from the leading 
edge to the trailing edge of the shroud segment: 

(d) a pair of spaced opposed axial side panels * 
connected to the leading and traifing edges; 

(e) each of the side panels having a lower dis- 
courager spline seal slot extending longitudi- 
nally from the leading edge to the trailing edge 

of each sldepanel, each lowerslot having a bot- to 
torn wall, a top wall, and a side wall connected 
to the bottom and top walls at an edge thereof, 
the bottom wall having a plurality of spaced al- 
ternating lands and recesses along the length 
thereof; is 

(f) each of the side panels having an upper pri- 
mary spline seal slot spaced above the lower 
slot and extending longitudinally from the lead- 
ing edge lo the trailing edge of each side panel, 
each upper slot having at least a bottom wall £0 
and a top wail, 

(g) a plurality of cooling air passages extending 
through the base from the back surface thereof 
and having outlets exiting into the lower slot of 

at least one of the side panels and above one 25 
of the lands of the bottom wall of the lower slot. 

11. The shroud segment of clause 10 wherein the 
upper and lower slots extend continuously from the 
leading edge to the trailing edge of each side panel, so 

12. The shroud segment of clause 11 wherein no 
passages exit into the lower slot at about the tran- 
sition from the aft end of the high pressure turbine 
section to the forward end of the low pressure tur- 35 
bine section of the shroud segment. 

13. The shroud segment of clause 12 wherein no 
passages exit into the tower slot at about the trailing 
edge of the low pressure turbine section of the *o 
shroud segment 

14. The shroud segment of clause 11 wherein the 
outlets of the passages exit at about the edge con- 
necilng the side wall and the top wall. *s 

15. The shroud segment of clause 11 wherein each 
recess extends into the side wall and above the ad- 
jacent lands. 

50 

16. The shroud segment of clause 11 wherein the 
high pressure turbine section has a forward post- 
impingement pocket that feeds cooling air into the 
passages having outlets exiting into the lower slot 

at the forward end of the high pressure turbine sec- 55 
tlon and an aft sub-impingement pocket that feeds 
cooling air into the passages having outlets exiting 
into the lower slot at the aft end of the high pressure 



turbine section. 

17. A shroud subassembly for the high pressure 
and low pressure turbine sections of a gas turbine 
engine, which comprises; 

(a) a pair of adjacent shroud segments, each of 
the shroud segments comprising a high pres- 
sure turbine section having a high pressure im- 
pingement cavity and a low pressure turbine 
section having a low pressure impingement 
cavity, each shroud segment further compris- 
ing: 

(1) a circumferential leading edge at the 
forward end of the high pressure turbine 
section; 

(2) a circumferential trailing edge spaced 
from the leading edge at the aft end of the 
low pressure turbine section; 

(3) an arcuate base connected to the trail- 
ing and leading edges and having a back 
surface and an arcuate inner surface that 
is in contact with the main gas stream of 
the gas turbine engine moving in the direc- 
tion from the leading edge to the trailing 
edge of the shroud segment; 

(4) a pair of spaced opposed axial side 
panels connected to the leading and trail- 
ing edges; 

(5) each of the side panels having a lower 
discourager spline seal slot extending lon- 
gitudinally from the leading edge to the 
trailing edge of each side panel, each lower 
slot having a bottom wall, a top wall, and a 
side wall connected to the bottom and top 
wall at an edge thereof, the bottom wall 
having a plurality of spaced alternating 
lands and recesses along the length there- 
of; 

(6) each of the side panels having an upper 
primary spline seal slot above the lower 
slot and extending longitudinally from the 
leading edge to the trailing edge of each 
side panel, each upper slot having at least 
a bottom wall and a top wall; 

(7) a plurality of cooling air passages ex- 
tending through the base from the back 
surface thereof and having outlets exiting 
into the lower slot of at least one of the side 
panels and above one of the lands of the 
bottom wall of tho lower slot; 

(8) wherein the opposed adjacent side 
panels of the par of shroud segments have 
a gap therebetween and wherein the spac- 
ing of the lands and recesses in the bottom 
wall of the lower slot for each of the adja- 
cent side panels is staggered such that the 
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lands of one of the adjacent panels are op- 
posite the recesses of the other adjacent 
side panel; 

(b) at least one discourager spline seal posi- 5 
tioned In the gap and including a pair of spaced 
edges having a length and thickness such that 
each of the edges is capable of being received 

by the lower slot of one of the adjacent side pan- 
els; 10 

(c) the at least one discourager seal being po- 
sitioned above each land of the bottom wall of 
each lower slot and below the outlets exiting in- 
to each tower slot and having a width smaller 
than the combined width of the gap and the bot- is 
torn wall of the lower slots of the adjacent side 
panels such thai at least a portion of each re- 
cess of the bottom wall adjacent the side wafl 

ol each lower slot is capable of being accessi- 
ble to air flow; 20 

(d) at least one primary spline seal positioned 
in the gap and including a pair of spaced edges 
having a length and thickness such that each 
of tho edges Is capable of boing rocofvod by the 
upper slot of one of the adjacent side panels; 25 

(e) the at least one discourager seal and the at 
least one primary seal defining therebetween 
an intermediate pressure cavity having a pres- 
sure lower than the pressure of the high pres- 
sure impingement cavity and the low pressure 30 
impingement cavity and a pressure higher than 

the pressure of the main gas stream In the vi- 
cinity of high pressure turbine and low pressure 
turbine sections of the shroud segment. 

35 

18. The shroud subassembly of clause 1 7 wherein 
the upper and lower slots extend continuously from 
the leading edge to the trailing edge of each side 
panel. 

40 

19. The shroud subassembly of clause 1 8 wherein 
each of the discourager and primary seals are one 
continuous piece. 

20. The shroud subassembly of clause 18 wherein, «5 
for each shroud segment, no cooling air passages 
exit into the lower slot at about the transition from 

the aft end of the high pressure turbine section to 
the forward end of the low pressure turbine section 
and at about the trailing edge of the low pressure so 
turbine section. 



Claims 

55 

1 . A turbine engine cooling component ( 1 30) for a gas 
turbine engine, which comprises: 



(a) a circumferential leading edge (132); 

(b) a circumferential trailing edge (1 36) spaced 
from the leading edge (132; 

(c) an arcuate base (1 96) connected to the trail- 
ing and leading edges (132, 136) and having a 
back surface (200, 204) and an arcuate Inner 
surface (208) that is in contact with the marn 
gas stream (210) of the gas turbine engine 
moving In the direction from the leading edge 
(132) to the trailing edge (136) of the turbine 
component (130); 

(d) a pair of spaced opposed axial side panels 
(214) connected to the leading and traillngedg- 
es (132, 136); 

(e) each of the side panels (214) having a lower 
discourager spline seal slot (242) extending 
longitudinally from the leading edge (132) to the 
trailing edge (136) of each side panel (214) that 
Is capable of receiving an edge (408) of a dis- 
courager spline seal (404), each lower slot 
(242) having at least a bottom wall (256) and a 
top wall (264); 

(f) each of the side panels (214) having an up- 
per primary sptino seal slot (246) spaced above 
the lower slot (242) and extending longitudinal- 
ly from the leading edge (132) to the trailing 
edge (136) of each side panel (214) that Is ca- 
pable of receiving an edge (416) of a primary 
spline seal (41 2), each upper slot (246) having 
at feast a bottom wall (266) and a top well (274). 

(g) a plurality of cooling air passages (286) ex- 
tending through the base (196) from the back 
surface thereof (200, 204) and having spaced 
outlets (292) exiting from at feast one of the side 
panels (214) between the bottom wall (266) of 
the top slot (246) and the bottom wall (256) of 
the lower slot (242); 

(h) a plurality of spaced airflow pathways (282) 
along the length of the lower slot (242) and be- 
low the bottom wall (266) of the upper slot (246) 
that are capable of receiving air flowing over 
and above the discourager seaJ (404) when po- 
sitioned in the lower slot (242) and passing that 
airflow around the edge (408) and beneath the 
discourager seal (404). 

2. The turbine component (1 30) or claim 1 wherein the 
plurality of air flow pathways (282) are a plurality of 
spaced recesses (282) along the bottom wall (256) 
of the lower slot (242). 

3. Tho turbine component (130) of claim 2 wherein tho 
bottom wall (256) of the lower slot (242) has a plu- 
rality of spaced alternating recesses (282) and 
lands (278) and wherein each of the outlets (292) 
of the passages (286) exiting the side panels (214) 
exit Into the lower slot (242) above one of the lands 
(278). 
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4. A turbine engine cooling subassembly (400), which 
comprises: 

(1) an adjacent pair of the turbine components 
(130) of claim 1 having opposed adjacent side 5 
panels (214) with a gap (402) therebetween 
and wherein the spacing of the air flow path- 
ways (282) along the length of the lower slot 
(242) for each of the adjacent side panels (21 4) 

is staggered such that the outlet (292) of each to 
of the passages (286) exiting each adjacent 
side panel (214) are opposite one of the airflow 
pathways (282) of the other adjacent side panel 
(214); 

(2) at least one discourager spline seal (404) ts 
positioned in the gap (402) between the op- 
posed adjacentslde panels (21 4) and including 

a pair of spaced edges (408) having a length 
and thickness such thai each of the edges (408) 
is capable of being received by the lower slot 
(242) of one of the adjacent side panels (214); 

(3) the at least one discourager seal (404) being 
positioned below the outlet (292) of each of the 
passages (286) exiting each adjacent side pan- 

el (214); 25 

(4) at least one primary spline seal (412) posi- 
tioned in the gap (402) and including a pair of 
spaced edges (416) having a length and thick- 
ness such that each of the edges (416) is ca- 
pable of being received by the upper slot (246) so 
of one of the adjacent side panels (214). 

5. The turbine subassembly (400) of claim 4 wherein 
each of the discourager and primary seals (404 t 
412) are one continuous piece. 35 

6. A cooling shroud segment (130) for the high pres- 
sure and low pressure turbine sections of a gas tur- 
bine engine, which has a forward high pressure tur- 
bine section (1 90) and an aft low pressure turbine <o 
section (192) and which comprises: 

(a) a circumferential leading edge (132) at the 
forward end of the high pressure turbine section 
(190); 43 

(b) a circumferential trailing edge (138) spaced 
from the leading edge (1 32) al the aft end of the 
low pressure turbine section (192); 

(c) an arcuate base (1 96) connected to the trail- 
ing and leading edges (132, 136) and having a so 
back surface (200, 204) and an arcuate inner 
surface (208) that is in contact with tho main 
gas stream (210) of the gas turbine engine 
moving in the direction from the leading edge 
(132) to the trailing edge (136) of the shroud 55 
segment (130); 

(d) a pair of spaced opposed axial side panels 
(214) connected to the leading and trailing edg- 
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es(132, 136); 

(e) each of the side panels (214) having a lower 
discourager spline seal slot (242) extending 
longitudinally from the leading edge (1 32) to the 
trailing edge (136) of each side panel (214), 
each lower slot (242) having a bottom wall 
(256), a top wail (264), and a side wall (256) 
connected to the bottom and top waifs (256, 
264) at an edge thereof, the bottom wall (256) 
having a plurality of spaced alternating lands 
(278) and recesses (282) along the length 
thereof; 

(f) each of the side panels (214) having an up- 
per primary spline seal slot (246) spaced above 
the lower slot (242) and extending longitudinal- 
ly from the leading edge (132) to the trailing 
edge (136) of each side panel (214), each up- 
per slot (246) having at least a bottom wall (266) 
and a top wall (274); 

(g) a plurality of cooBng air passages (286) ex- 
tending through the base (196) from the back 
surface thereof (200, 204) and having outlets 
(292) exiting Into the lower slot (242) of at least 
ono of tho sido panels (214) and above ono of 
the lands (278) of the bottom wall (256) of the 
lower slot (242). 

7. The shroud segment (130) of claim 6 wherein the 
upper and lower slots (246, 242) extend continu- 
ously from the leading edge (132) to the trailing 
edge (136) of each side panel (214). 

8. The shroud segment (130) of claim 7 wherein no 
passages (286) exit into the lower slot (242) at 
about the transition (296) from the aft end of the high 
pressure turbine section (190) to the forward end of 
the low pressure turbine section (192) of the shroud 
segment (130). 

9. A shroud subassembly (400) for the high pressure 
and low pressure turbine sections of a gas turbine 
engine, which comprises: 

(a) a pair of adjacent shroud segments (130), 
each of the shroud segments (130) comprising 
a high pressure turbine section (1 90) having a 
high pressure impingement cavity (184) and a 
low pressure turbine section having a low pres- 
sure impingement cavity (189), each shroud 
segment (130) further comprising: 

(1 ) a circumferential loading edge (132) at 
the forward end of the high pressure tur- 
bine section (190); 

(2) a circumferential trailing edge (136) 
spaced from the leading edge (132) at the 
aft end of the low pressure turbine section 
(192); 
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(3) an arcuate base (1 98) connected to the 
trailing and leading edges (132, 136) and 
having a back surface (200, 204) and an 

. arcuate inner surface (208) that is In con- 
tact with the main gas stream (21 0) of the 
gas turbine engine moving In the direction 
from the leading edge (132) to the trailing 
edge (136) of the shroud segment (130); 

(4) a pair of spaced opposed axial side 
panels (214) connected to the leading and 
trailing edges (132, 136); 

(5) each of the side panels (214) having a 
lower discourager spline seal slot (242) ex- 
tending longitudinally from the leading 
edge (132) to the trailing edge (136) of 
each side panel (214), each lower slot 
(242) having a bottom wall (25S), a top wail 
(264), and a side wall (258) connected to 
the bottom and top walls (256, 264) at an 
edge thereof, the bottom wall (256) having 
a plurality of spaced alternating lands (276) 
and recesses (282) along the length there- 
of; 

(6) each of tho sido panels (214) having an 
upper primary spline seal slot (246) spaced 
above the lower slot (242) and extending 
longitudinally from the leading edge (132) 
to the trailing edge (138) of each side panel 
(214), each upper slot (246) having at least 
a bottom wall (266) and a top wall (274); 

(7) a plurality of cooling air passages (288) 
extending through the base (198) from the 
back surface thereof (200, 204) and having 
outlets (292) exiting into the lower sJot 
(242) of at leasi one of the side panels 
(214) and above one of the lands (278) of 
the bottom wall (256) of the lower slot 
(242); 

(8) wherein the opposed adjacent side 
panels (214) of the pair of shroud seg- 
ments (130) have a gap (402) therebe- 
tween and wherein the spacing of the lands 
(278) and recesses (282) In the bottom wail 
(256) of the lower slot (242) for each of the 
adjacent side panels (214) te staggered 
such that the lands (278) of one of the ad- 
jacent panels (214) are opposite the re- 
cesses (2B2) of the other adjacent side 
panel (282); 
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Ing positioned above each land (278) of the bot- 
torn wall (256) of each lower slot (242) and be- 
low the outlets (292) exiting into each lower slot 
(242) and having a width smaller than the com- 
bined width of the pap (402) and the bottom wall 
{256) of the lower slots (242) of the adjacent 
side panels (214) such that at least a portion of 
each recess (282) of the bottom wail (256) ad- 
jacent the side wall (260) of each lower slot 
(242) is capable of being accessible to air flow; 

(d) at least one primary spline seal (412) posi- 
tioned in the gap (402) and including a pair of 
spaced edges (416) having a length and thick- 
ness such that each of the edges (41 6) is ca- 
pable of being received by the upper slot (246) 
of one of the adjacent side panels (214); 

(e) the at least one discourager seal (404) and 
the at least one primary seal (412) defining 
therebetween an Intermediate pressure cavily 
(424) having a pressure lower than the pres- 
sure of the high pressure Impingement cavity 
(184) and the low pressure irppingement cavity 
(189) and a pressure higher than the pressure 
of tho main gas stream (21) In tho vicinity of 
high pressure turbine and low pressure turbine 
sections (igo, 192) of the shroud segment 
(130). 

The shroud subassembly (400) of claim 9 wherein 
the upper and tower slots (242, 246) extend contin- 
uously from the leading edge (132) to the trailing 
edge (1 36) of each side panel (214). 



(b) at least one discourager spline seal (404) 
positioned In the gap (402) between tho op- 
posed adjacent side panels (214) and including 
a pair of spaced edges (408) having a length 
and thickness such that each of the edges (408) 
Is capable of being received by the lower slot 
(242) of one of the adjacent side panels (214); 

(c) the at least one dis courager seal (404) be^ 
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